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[57] ABSTRACT

A filter-cooler is provided for use with a rocket motor
to cool and filter highly alumimized hot gases from
around 5800° F to around 2000° F. The cooled and
filtered gases are then usable, for example, in thrust
vector control mechanisms. A decomposable chemical
coolant section is placed ahead of the filter section so
that alumina present in the gases begins to solidify
ahead of the filter and may be more efficiently

- removed.

9 Claims, 2 Drawing Figures
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. ate. Another. coolant section tested consisted of suc-

FILTER/ COOLER

CROSS .REFERENCE TO RELATED APPLICATION

‘The ‘devices disclosed in:this application  are ‘similar
in some respects to those disclosed in assignee’s co-
pending appheatmn Ser No 480 189 ﬁled June 14,
1974 ~ |

BACKGROUND OF THE lNVENTION

"Thrs invention relates to rocket motors and--partleu-j
larly to the use of rocket motor bleed gases for actua-
tion of rocket control accessories. Based on the fact
that the main rocket motor chamber can supply gas for
actuation of thrust vector control means and thrust
modulation control devices, for example, without im-
pairing motor performance, a system which converts
motor chamber gas to usable gas can elrmmate a sepa-
raté power source for this purpose. -

~The concept of condltlomng motor bleed- gases 1S
fairly new and there are only a few designs using this
concept. Of these designs, only a'very few use a decom-
posing chemical to cool the. ‘gases and none of the
known desrgns use a coolant as an ard to alumma ﬁltra-
tion. |

The eonsensus in the trade has been that aluminum
- oxrde in"hot gases can be easily filtéred without cooling.

However, this has not been found to be the case be-
cause, at elevated temperatures, the aluminum or its

compounds are liquid and very dlfﬁcult or rmp0531ble

to remove by filtration.

According to the present invention, a ﬁlter cooler 1S
‘provided which considerably lowers the temperature of
the hot gases before filtering so that alumina in the
gases is more easily and efficiently removed.

BRIEF DESCRIPTION OF THE DRAWING

'FIG. 1 is a longitudinal cross-sectional view of one
embodiment of the present invention; and. .

FI1G. 2 is a view similar to FIG. 1 showing a second
| embodlment of the invention. . .. |

Shown in FIG. 1 is a ﬁlter/eooler 10 eompnsmg a
metal casing 11 housing a coolant section 12 and a
filter section 14. The device is attached to a rocket
motor (not shown) by means of a fixture 15 and hot
motor gases 16 are bled through an insulative tube 17
of asbestos phenolic or the like.
- The coolant section 12 comprises a hollow cylinder

of decomposable chemical coolant 18 having a central
bore 19 substantlally coaxial with the tube 17. The
coolant material is insulated from the casing 11 by a
sleeve 20 of insulative material and the ends of the
coolant are surmounted by an entrance baffle 21 and
exit baffle 22 of the same insulative material. The 1nsu-
lative material in these and all other insulative portions
are preferably of the same asbestos phenolic materials
as in 17 above. Examples of decomposmg chemical
coolant materials include ammonium formate, calcium
carbonate, ammonium fluoride, ammonium chloride,
ammonium oxalate, succinic acid, and ammonium ace-
tate.

Some of these coolant materials may also be advanta-
geously combined with a Teflon (polytetrafluoroethy!-
ene) or polyvinyl acetate (PVA) binder. For example,
one embodiment tested comprised two coolant sections
wherein the first coolant section consisted of ammo-
nium formate with a 16% Teflon binder and the second

coolant section consisted entirely of calcium carbon-
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cinic acid with a 10% polyvinyl acetate binder.
- The. above percentages are by weight and the com-

posite blocks of coolant were formed by pressing a dry
‘mix of the ingredients in a mold at about 7500 psi. The

molded blocks were then machined to size. Experimen-
tation has also been done with extruding the mixed
material through shaping dies at a temperature of about
190°. The following table indicates test results with
various coolant materials where the temperature of the

entering gases was 5800° F.

TABLE
- Avg ‘Max Avg
Coolant " Temp - Temp -M* - Comments
Ammonium 1000°F 1300°F = 013 Exhaust nozzle
formate | '  plugged, unsatis-
L factory coolant
Graphite 2600°F ~2900°F ~ .120 Using effective
, : B filtration, fair
- " coolant
Ammonium 2300°F 2650°F  .075 Considerable mitial
formate | -+ - smoke, good coolant
+ Teflon - - o B
Calcium 2800°F '3200°F 073 Some smoke through-
carbonate | '- " out firing, fair
coolant |
Ammonium 2700°F  3000° F 099 Excellent alumina
oxalate - | filtration with
+ Teflon: - only little smoke,
| good coolant
Ammonium 2600°F 2700°F  .056 Exhaust nozzle
chioride - ' . plugged with coolant,
+ Teflon. | - fair coolant
Ammonium 2200°F 2750°F  .093 Excellent alumina
fluoride filtration with
+ PVA - little smoke, very
. good coolant
Ammonium 2000°F 2550°F  .094 Excellent alumina
acetate filtration with
+ PVA some smoke, very

good coolant

i il

*MASS FLOW RATE; LB/SEC.

Filter section 14 comprises a plurality of baifles or
filter elements 24, 26, 28, 30 and 32 of pressed graph-
ite, for example, having one or more holes for passage
of gases. Alternate elements have a singie central hole
and the remaining ones have a plurality of peripherally
spaced holes. This arrangement causes the gases to
follow a tortuous path to the exit port 34 leading to gas
operated accessories.

In the FIG. 2 embodiment, like numbers increased by
100 have been used for like parts. The filter/cooler 110
is shown with a larger coolant section 112 and a smaller
modified filter section 114. No entrance baffle 1s used
between fixture 115 and coolant 118 and exit bafile
122 has an opening substaiitially coextensive with the
bore 119 of the coolant material.

A pair of contiguous baffles 126, 128 of refractory
material such as pressed graphite are arranged to pro-
vide a tortuous path for the gases after passing the
coolant section. Element 126 is bored about three
quarters through at 127 and counterbored about one

quarter through at 129. A plurality of through holes

129’ around the periphery thus communicate with the
central bore. Element 128 comprises an annular mem-
ber having a cylindrical central portion 131 and an
integral circular end wall 133. Portion 131 is slotted at
four places as shown at 135 providing communication
for gases from element 126 through bore 137 of ele-
ment 128.

Abutting the end wall 133 of element 128 and coex-
tensive therewith is a filter element 136 of metal mesh
or wool preferably of a stainless steel alloy and an exit
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baffle 136" is placed after the mesh ﬁlter before exit

port 134.

From the foregoing it may be seen that the use of
endothermically decomposing solid coolants upstream
of a mechanical filter section will provide treated gases
from a rocket chamber sufficiently cooled and cleaned
to be used in gas operated accessories even where the
gases contain aluminum oxide in a flmd state.

What is claimed is: | 10

1. For use in conditioning hot gases bled from a
rocket chamber,

a filter cooler comprising:

a housing;

a hollow block of solid material in said housing 5
acting as a conduit for said gases and endother-
mically reacting therewith;

said hollow block consisting of a solidified mixture

- of 84 to 90% decomposable chemical coolant

S

and 10 to 16% plastic binder; 20

a plurality of filter elements in said housing collec-
tively providing a tortuous path for conduit of
said gases after passage through said hollow
blocks; and

a wire mesh filter element 1n the path of said gases 25
after passage through said filter elements provid-
ing said tortuous path.

2. The apparatus of claim 1 wherein said decompos-
able chemical coolant is selected from the group con-

sisting of; 30
ammonium formate;

~ammonium oxalate;
ammonium chloride;
ammonium fluoride; -

ammonium acetate; and

succinic acid.
3. The apparatus of claim 2 wherein said binder con--

sists of polytetratluoroethylene.
4. The apparatus of claim 2 wherein said binder con- 40

sists of polyvinyl acetate.
5. For use in conditioning hot gases bled from a

rocket chamber a filter cooler comprising:
a housing;
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a hollow block of solid material 1n said housing acting
as a conduit for said gases and endothermlca]]y
reacting therewith; , -

said hollow block comprising a solidified mixture of
84 to 90% decomposable chemical coolant and 10
to 16% plastic binder; and

a plurality of filter elements in said housing collec-
tively providing a tortuous path for conduit of said
gases after passage through said hollow block.

6. Filter cooler means according to claim S wherein
saild decomposable chemical coolant is selected from
the group consisting of;

ammonium formate;

ammonium oxalate;

ammonium chloride;

ammonium fluoride;

- ammonium acetate; and

succinic acid.
7. The apparatus of claim 6 wherein sald binder con-

sists of polytetrafluoroethylene.

8. The apparatus of claim 6 wherein said binder con-
sists of polyvinyl acetate.

9. In a method of treating hot aluminized gases ema-
nating from a rocket motor to obtain sufficiently clean
gases at a lowered temperature useful for operating
auxiliary power devices; the steps comprising;

- passing said hot gases through an aperture running
through a block of solid material which 1s endo-
thermically reactive with said gases;

said solid material comprising 84 to 90% by weight of

chemical coolant selected from the group consist- -
ing of; |
ammonium formate;

ammonium oxalate;

ammonium chloride;

ammonium fluoride;

ammonium acetate;

succinic acid; and

said solid material also comprising 10% to 16% by

weight of plastic binder; and - |
thereafter passing said gases through a plurality of
filter elements which collectively force said gases

to follow a tortuous path.
% # . %k ¥
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